Aims: It is become necessary to reduce the gap between the demand and supply of edible oil and protein. So, the aim of the present investigation is to study the effect of foliar application with humic acid, salicylic acid and paclobutrazol on some morphological, anatomical and seed yield characteristics, as well as on some biochemical constituents of soybean (Glycine max L.) seed for maximizing its growth, yield and nutritional value. Methodology: A 2 year field trial was carried out during 2015 and 2016 at the Faculty of Agriculture Experiment Station, Benha University, Egypt . Soybean (Glycine max L.) cv. Giza 111 seeds were sown into plots (each plot unit about 3.5 m long and 3.0 m wide) in clay loam soil. A total of six treatments of humic acid, salyclic acid, and paclobutrazol were foliarly applied: humic acid at 2.5 and 5.0 gl -1 , salicylic acid at 50 and 100 mgl -1
INTRODUCTION
Soybean (Glycin max L.) is the widely cultivated specie of the family Fabaceae (order Fabales) [1] . It is considered one of the most important legume crops in the world. It can provide oils and protein suitable for feeding humans as well as animals. Soybean is the most important oil crop of world which contains about 18 to 22% cholesterol free oil with 85% unsaturated fatty acids , 40 to 45% protein, 24-26% carbohydrate and a good amount of vitamins in its seed [2, 3, 4] . Currently, soybean has gained increased attention in Egyptian agriculture, so it is become necessary to reduce the gap between the demand and supply of edible oil and protein [5] .
Application of organic acids to improve the quality and quantity of agricultural products has been widely prevalent. Since these acids have hormonic compounds that positively affect plant performance. Among these acids is humic acid (HA) that forms an insoluble stable complex with the micro-nutrients [6, 7, 8] .
Humic acid plays a major role in plant nutrients uptake and growth parameters in both vegetative and generative stages [9] on wheat and [10] on snap bean. The increment of growth parameters and crop yields due to HA application may be attributed to that it has a stable fraction of carbon, thus regulating the carbon cycle and releasing of nutrients, including nitrogen, phosphorus, and sulfur. HA stimulates plant growth by the assimilation of major and minor elements, enzyme activation and/or inhibition, changes in membrane permeability, protein synthesis and finally the activation of biomass production [9] . Moreover, [11] reported that, HA (granular and liquid forms) can reduce plant stress as well as enhances plant nutrients uptake. In addition, HA can be used as a growth regulator by regulating endogenous hormone levels [12, 13] . The effects of humic acids on numerous plants such as tomato [14] , strawberry [15] , spinach [16] and bean [17] have been well studied.
The mechanism of HA in promoting plant growth is not completely known, but several explanations proposed [18] . Attributed the beneficial effects of HA on plant growth to increasing minerals transport during cell membrane, oxygen uptake, respiration and photosynthesis, nutrients uptake, root and cell elongation. Moreover, [19] mentioned that the positive effects of humic acid on plant growth may be due to its acting as plant growth hormone.
Salicylic acid (SA) is anther naturally occurs in plants in very low amounts and participates in the regulation of many physiological processes in plant such as nutrient uptake, chlorophyll and protein synthesis [20, 21] . SA is recognized as a plant hormone [22, 23] . It has a significant effect on different aspects of plant growth and development, photosynthesis, evaporation, ion transmission and absorption, and also causes changes in leaf anatomy and chloroplast structure [24] . Stimulation of growth after supplementation of SA has been reported in many plants, (wheat [21] , soybean [25] and maize [26] ). It was found that SA-induced growth may be related to SA-induces considerable enhancement in net photosynthetic rate [27] . [28] Mentioned that salicylic acid induces promotive effect on flowering onset, morphological characters of vegetative growth, photosynthetic pigments and yield characteristics as well as seed quality of Egyptian lupine.
Paclobutrazol is an efficient plant growth retardant listed for usage by the plant growth regulation society of America [29] . Paclobutrazol is a widely used as retardant for controlling the vegetative growth of a wide range of angiosperms [30, 31] . Paclobutrazol induces a variety of morphological, physiological and biochemical responses in plants, including a reduction in stem elongation and stimulate flowering and rooting, likely as a result of a reduction in vegetative growth [32, 33] , yield increases [34] , increasing chlorophyll and carotenoids content, altered carbohydrate status, increasing stress tolerance, delayed senescence, reducing gibberellin biosynthesis, increasing cytokinins synthesis and alterations in secondary metabolite contents [35, 36, 37] . The main effect of paclobutrazol takes place through the alteration of hormonal balance. Since, it inhibits gibberellin biosynthesis, reduces cell division and cell elongation and retards plant growth, whereas it promotes cytokinins [38, 39, 35] . Research has documented that paclobutrazol reduces plant growth of different plants: Glycine max L. [40] , Pelargonium zonale L. [41] , Tabernaemontana coronaria stapf [36] , Glycine max L. [42] , Triticum aestivum L [37] and Moringa olifera plant [43] .
The objective of this research is to study the effect of foliar application with humic acid (HA), salicylic acid (SA) and paclobutrazol (PP 333 ) on some morphological, anatomical and seed yield characteristics, as well as on some biochemical constituents of soybean seed. paclobutrazol, in addition to tap water as a Control. They were sprayed using a hand pump mister to the point of runoff. They were laid out in a 3 randomized complete blocks. ) were studied following the method described by [44] . Branches (including main stem) and leaves fresh and dry weights (g plant -1 ) were recorded at 70 DAP during the 2 yrs. Shoots were dried in an electrical oven at 75°C till constant to determine dry weights.
MATERIALS AND METHODS
Chlorophyll a, b and carotenoids were colorimetrically determined in leaves of soybean plants at 70 DAP during the 2 yrs according to the methods described by [45] and calculated as mgg -1 fresh weight.
Endogenous phytohormones: were quantitatively determined in Glycine max L. shoots at 70 DAP during season 2016 using High-Performance Liquid Chromato-graphy (HPLC) according to [46] for auxin (IAA), gibberellins, salicylic acid (SA) and abscisic acid (ABA), while cytokinins were determined according to [47] Chemical analysis: In 2016, seeds at harvest were used to determine total nitrogen percentage which was determined using wet digestion according to [50] , using microkjeldahl method as described by [51] . Crude protein = (total nitrogen x 5.71) [52] . Phosphorus was determined colorimetrically according to the method of [53] , potassium content by flame photometer according to [54] , total carbohydrates content by phenol-sulphoric acid method as described by [55] and total lipids by a Soxhlet apparatus according to [56] .
Statistical Analysis
All data obtained during both seasons of study were subjected to analysis of variance and significant differences among means were determined according to [57] . , shoots fresh and dry weights, flowering and finally seeds yield as well.
RESULTS AND DISCUSSION

Vegetative Growth Characteristics
Increasing total leaf area plant -1 in a similar way since this is related to accumulating more assimilates and high rates of their translocation especially toward formed seeds.
Also, increasing of stem diameter was accompanied with basic anatomical modification in different stem tissues especially phloem and xylem as mentioned later in Table 4 .
At this early stage of growth great simulative effects existed with various applied treatments. Hence, this might be extended to the advanced growth stages including each of flowering and the final seed yield as well as quality of yielded seed.
The main effect of paclobutrazol (PP 333 ) takes place through the alteration of hormonal balance, since, it inhibits gibberellin biosynthesis, in turn this reduces cell division and cell elongation, whereas it promotes treated plants to create more cytokinins [35, 38, 39] .
Such results of paclobutrazol have been previously recommended by several researchers [40] on soybean, [41] on geranium, [36] on tabernaemontana, [42] on soybean, [37] on wheat and [43] on moringa plant. [58] concluded that paclobutrazol at 200 ppm caused the highest values of fresh, dry weights and leaf area of faba bean plant.
As a plant hormone [22] , salicylic acid plays diverse physiological roles in plants including plant growth, photosynthesis, and nutrient uptake [23] . Stimulation of growth after supplementation of SA has been reported Wheat [21] , Soybean [25] and Maize [26] . [28] revealed that salicylic acid induces promotive effects on vegetative growth characteristics of Egyptian lupine. [24] mentioned that salicylic acid at 0.05 mM increased the level of cell division within the apical meristem of seedling roots which caused an increase in plant growth.
Humic acids plays a major role in growth parameters of plant in vegetative stage, such results are found by [9, 10, 18, 59, 60, 61, 62] . Table 2 shows that chlorophyll a, b, Chl.(a + b) and Carotenoids content were increased. Photosynthetic pigments content were increased with 10 mgl Also, PP 333 gave relatively high in chlorophyll content, this may be partly due to the observed increase in root mass which is the major site of cytokinin biosynthesis. The high cytokinin level was associated with stimulated chlorophyll biosynthesis [38] . In addition, the abovementioned results of paclobutrazol are in harmony with those attained by [36, 37, 40, 41, 42] . [63] who showed that mepiquate chloride and chlormequate chloride increased photosynthetic rate by increasing leaf chlorophyll content and mesophyll cell size of cotton plant which is due to more rapid exchange of CO 2 into mesophyll cell by virtue of their large surface area.
Photosynthetic Pigments
Regarding salicylic acid (SA), it is naturally occurs in plants in very low amounts and participates in the regulation of physiological processes in plant such as chlorophyll synthesis [20, 21, 64] . In the same order [28] found that SA treatment at 75 mgl -1 promoted chlorophyll pigments in leaves of Egyptian lupine [24] . Reported that leaves treated with high concentrations of SA accumulated more Chl. and carotenoids of wheat plants.
Our results of HA are in agreement with those reported by [65] who indicated that HA supply significantly increased chlorophyll contents of common bean plants. [18] attributed the beneficial effects of HA on plant growth to increasing photosynthesis. [62] reported that chlorophyll content of faba bean significantly increased by foliar application of HA.
Endogenous Phytohormones
Applied treatments changed endogenous phytohoromones content gibberellic acids (GA 3 ), indole acetic acid (IAA), indole butyric acid (IBA), cytokinins, abscisic acid (ABA) and salicylic acid (µg g -1 F.wt.) of soybean shoots at 70 DAP in 2016. All treatment rates greatly improved the metabolic performance of soybean plant ( Paclobutrazol induces a variety of morphological, physiological and biochemical responses in plants [32, 33] , delayed senescence, reducing gibberellin biosynthesis, increasing cytokinins synthesis and alterations in secondary metabolites content [35, 36, 37] . The main effect of paclobutrazol takes place through the alteration of hormonal balance. Since, it inhibits gibberellin biosynthesis, reducing cell division and elongation, whereas it promotes treated plants to create more cytokinins [38, 39, 35, 36] . This may explain the relative increases of cytokinins and other promoting hormones with some applied treatments.
Humic acid can regulate endogenous hormone levels [12, 13] . [19] mentioned that the positive effects of HA on plant growth may be due to its acting as plant growth hormones.
Salicylic acid is recognized as a plant hormone [22] . Foliar application with relatively low concentrations of SA promoted and influenced the differentiation of cells and tissues of plants [66, 67] .
Abscisic acid level was reduced with various assigned treatments compared with the Control, but the reduction was more obvious with 10 mgl 
Anatomical Studies
Stem anatomy
The applied treatments had positive impact on most studied histological characteristics of (Glycine max L.) stem i.e., cuticle thickness, epidermis thickness, cortex, thickness of phloem tissue, thickness of cambial region, xylem tissue, number of xylem vessels vascular cylinder -1 and diameter of the xylem vessel compared with the Control (Table 4 and Figs. 1 & 2) .
Stem diameter was increased to reach 4740µ with 5 gl -1 humic acid followed by 4647 µ with 100 mgl -1 salicylic acid and 4541 µ with 10 mgl Increasing of stem diameter was mainly due to how different treatment rates positively impacted thickness of each cuticle layer, epidermis, cortex (collenchyma and parenchyma tissues) and pith parenchyma layers as well as the dimensions of vascular cylinder (Table 4 ).
In general, the stimulatory effects of applied treatments upon the anatomy features of the treated plants may be attributed to the effect upon cambium activity. Increment of cambium activity could mainly attribute to the increases of endogenous hormones level especially auxins and cytokinins [68, 69] as well as to the findings of the present study.
These positive responses of different anatomical aspects to treatments especially in case of 10 mgl humic acid and 100 mgl -1 salicylic acid were directly related to enhancing vegetative and reproductive growth. So, the present study indicated that increases of xylem tissue (the route of mineral nutrients and water translocation from roots to leaves and of the phloem tissue (the pathway of different assimilates from leaves to seeds and other plant sinks), both contributed to the improvement of translocation which in turn positively the final seed yield.
Leaf anatomy
Histological features of the soybean leaves were increased with different applied treatments compared with the Control (Table 5 Our results are in harmony with those reported by [70] who mentioned that treated Strelitzia reginae plants with PP 333 at 300 and 200 mgl -1 resulted in increasing blade thickness, palisade thickness and phloem tissue thickness. [36] found that anatomical traits of tabernaemontana leaf i.e., thickness of leaf midrib, length and width of vascular bundle, phloem and xylem tissues and number of xylem vessels in vascular bundle, as well as the leaf blade thickness, were increased with PP 333 100 and 150 mgl -1 compared with the untreated plants. [43] concluded that moringa leaflet and stem anatomical features were increased with Paclobutrazol 20 mgl -1 treatment.
Salicylic acid significantly affects and causes changes in leaf anatomy and chloroplast structure [24] . Foliar application with SA promoted and influenced the development, differentiation of cells and tissues of plants [66, 67] . [28] found that salicylic acid induced favorable changes in anatomical structures of Egyptian lupine plant.
There are few studies about the changes induced by the application of HA on plant structures. [18] attributed the beneficial effect of HA on plant growth to increasing cell elongation. [71] recorded that humic acid increased diameter of vascular cylinder, length, number and diameter of vessels, length and number of vascular bundles of Calendula officinalis L. stem. [72] stated that treated Solanum melongena L. with HA increased stem diameter due to the substantial increase in cortex thickness, diameter of vascular cylinder and vascular bundle and pith diameter. The increasing of leaf blade, including both palisade and spongy tissues was also documented. Table 6 shows that all applied treatments significantly enhanced flowering and yield components of soybean plant. Increments in both the number of flowers and setted pods % with applied treatments, lead to increasing of total pods number. Different applied treatments (Table  6 ) especially 10 mgl , number of leaves plant -1 , total leaves area plant -1 and fresh as well as dry weight (Table 1 ) and (ii) increases in metabolical and anatomical performances, i.e., photosynthetic pigments and endogenous phytohormones contents (Tables 2 and 3 ).
Flowering and Yield Components
Previous research [16, 17, 25, 28, 36, 37, 40, 41, 42, 58] had similar trends.
Chemical Analysis
The applied treatments increased the seeds content of nitrogen, phosphorus, potassium, crude protein and total carbohydrates as well as total lipids % ( Table 7) . PP 333 10 mgl In this respect, the increase in soybean minerals content due to applying growth substances may be the result of their roles in regulating ions and may modify the uptake movement and metabolism of nutrients with in the plant tissues. Also, the increases in total carbohydrates, as well as in total lipids in response to treatment applications, are supported by stimulating endogenous phytohormones, as well as of photosynthetic pigments and accumulating of the dry matter in the seeds of treated plants [73] . The strong positive correlation of such constituents vs. growth and seed yield confirmed and coincided such functions and roles of different applied treatments.
The aforementioned results of soybean seeds chemical compositions are in conformity with those obtained by [10, 28, 40, 62, 74] .
CONCLUSION
All tested treatments significantly increased the morphological parameters, photosynthetic pigments, as well as endogenous phytohormones content of soybean plant. Also, they have a positive impact on histological characteristics and flowering, as well as on yield components. Furthermore, content of minerals (N, P and K), crude protein, total carbohydrates and total lipids % were increased in seeds yield. Herein, 10 mgl or salicylic acid 100 mgl -1 as foliar application 3 times had a positive impact on maximizing its growth, seed yield and nutritional value. Based on our findings, we will intend to carry out more deep research on response of soybean plant to abiotic stress and climate changes using such treatments in the developing countries like Egypt.
